S
uspected deep venous thrombosis (DVT) is a common cause of emergency hospitalization (1) . Many technologies can be used to diagnose DVT, varying from the cheap and simple but inaccurate (D-dimer testing) to the accurate but expensive and technically challenging (venography). Clinical assessment can be used to select patients for an appropriate diagnostic test. This may involve using individual clinical features to estimate the likelihood of DVT or using standardized clinical assessment to derive a pretest probability based on a clinical score. The Wells clinical score is a widely used instrument that categorizes patients into high, intermediate, and low risk for DVT (2) .
It is increasingly being recognized that clinical diagnosis should be based on systematic evaluation of the scientific evidence (3) . Investigations of the clinical diagnosis of DVT have been published over more than 4 decades (4, 5) . We aimed to systematically review the literature to determine whether physicians' empirical judgments, clinical findings, and risk scores affect the likelihood of detecting thrombosis with venography, ultrasonography, or plethysmography in adults with suspected DVT.
METHODS
We sought to identify all diagnostic cohort studies of patients with suspected DVT that recorded physicians' empirical judgments, clinical findings, or a clinical score and then undertook diagnostic testing for DVT. We searched the following electronic sources (1966 to January 2005): MEDLINE, EMBASE, CINAHL, Web of Science, Cochrane Database of Systematic Reviews, Cochrane Controlled Trials Register, Database of Reviews of Effectiveness, and ACP Journal Club. We scanned the bibliographies of all retrieved articles for potentially relevant articles that were not identified by the original search.
Two reviewers screened the titles and abstracts of all articles identified by the search strategy and independently determined whether the article could potentially be reporting a cohort study that measured the diagnostic performance of physicians' empirical judgments, clinical findings, or a clinical score compared with a reference standard test (venography, ultrasonography, or plethysmography). Full copies of all selected articles were retrieved. The same 2 reviewers then independently reviewed the full articles to determine whether they did meet the criteria outlined earlier. A score was calculated for agreement between the 2 reviewers at both stages of the selection process, and disagreements were resolved by discussion.
We specifically excluded the following: studies that measured the risk for developing DVT after recording clinical characteristics rather than measuring the probability that DVT was present at the time of assessment; casecontrol studies, in which patients were selected on the basis or having or not having DVT; and studies with fewer than 10 patients. We included studies published in English, French, Spanish, or Italian and excluded studies published in other languages. If a study was published as an abstract, we contacted the authors to ask for full details of the data. If we could not extract the necessary data from the published report, we contacted the authors for clarification, provided the study was published in the past 10 years.
We assessed study quality by determining whether the reference standard was applied independently of the findings of the clinical assessment, whether observers blinded to the reference standard result undertook clinical assessment, and whether observers blinded to the results of clinical assessment interpreted the reference standard. Empirical evidence suggests that failure to meet these criteria is associated with overestimation of diagnostic accuracy (6) .
We extracted the following data from each article: the setting for recruitment; groups excluded from the study; population characteristics (mean or median age, sex balance); prevalence of DVT (proximal/above knee and distal/ below knee); whether clinical data were extracted from clinical notes or collected on a standardized form by the clinician; the person who recorded the clinical data; the reference standard used; the number of true-positive results (proximal and distal DVT), true-negative results, and falsepositive and false-negative results (proximal and distal DVT) for each clinical feature; and the number of casepatients with and without DVT for each clinical score (either as reported or calculated from the reported data).
Statistical Analysis
We used a random-effects model, as implemented by MetaDiSc statistical software (7) , to estimate pooled likelihood ratios for the presence and absence of each clinical feature (8) . A chi-square test for heterogeneity is reported for each clinical feature. Although considerable heterogeneity existed for a proportion of the outcomes, we did not undertake meta-regression of individual clinical features because of the relatively small numbers of studies available for most meta-analyses (9) .
Clinical scores are usually reported as the prevalence of DVT in each risk category. This is similar to reporting the predictive values of a diagnostic test and will vary according to the population prevalence of DVT. We therefore analyzed the data by examining how the scores categorized patients with and without DVT. This approach is similar to analyzing and reporting sensitivity and specificity.
Meta-analyses of the Wells score and empirical estimates were necessarily more complex since individuals were categorized into 3 groups (high, intermediate, and low risk for DVT). We carried out ordinal logistic regression, including a random study effect coefficient, using the 
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software WinBUGS (MRC Biostatistics Unit, Cambridge, United Kingdom) (10) to estimate the probability of being categorized as having high, intermediate, and low risk; we used separate models for persons with any DVT, those with proximal DVT, those with distal DVT, and those without DVT. From this analysis, we could estimate sensitivity and specificity for 2 possible decision thresholds for all cases of DVT: high versus intermediate and low, and high and intermediate versus low. We estimated pooled likelihood ratios for high and low categories using the random-effects model implemented by MetaDiSc statistical software.
We used meta-regression to explore the influence of study-level covariates on diagnostic performance of the Wells score and potentially explain a proportion of the between-study heterogeneity. To do this, we extended the ordinal regression model to fit a fixed-effects summary receiver-operating characteristic (ROC) curve through the data and to explore the influence of adding covariates into the model on the shape of the curve (11) . Results are reported along with an indication of which covariates were statistically significant at the 5% level. The NLMIXED procedure in SAS (SAS Institute, Inc., Cary, North Carolina) (12) was used for the analysis. The Appendix (available at www.annals.org) further describes the details of this analysis. 03/01). The funding source had no role in the design, conduct, and reporting of the study or in the decision to submit the report for publication. Figure 1 outlines the flow of articles considered for the review. The 51 articles included in the meta-analysis reported data from 54 cohorts: 29 cohorts evaluated individual clinical features, 25 cohorts evaluated the Wells clinical score, 7 cohorts developed or evaluated other scores, and 8 cohorts evaluated physicians' empirical judgments. Appendix Table 1 (available at www.annals.org) describes the characteristics of the cohorts. In most studies, the reference standard was applied independently of the results of clinical assessment. The exceptions were studies that augmented an ultrasonography reference standard with further testing based on clinical probability. Reporting of blinding of clinical assessment and the reference standard was generally poor; in most studies, it was unclear whether assessments were blinded or not.
DATA SYNTHESIS
We undertook meta-analyses of 13 different clinical features, 1 clinical score (the Wells score), and 2 approaches to physicians' empirical judgments. Table 1 summarizes the characteristics of the studies included in each meta-analysis. Studies included in meta-analyses of individual clinical features were more likely to use venography as the reference standard, whereas studies included in the meta-analysis of the Wells score were more likely to use ultrasonography. More studies in the meta-analysis of the Wells score used a reference standard that depended on the results of clinical assessment.
Individual Clinical Features
Each study of clinical features reported only a selection of the 13 features evaluated. Table 2 shows which cohorts studied which clinical features and outlines the likelihood ratios from these studies. In most cases, when a particular feature was not reported it was unclear whether it had been examined but not reported or simply not examined. A few studies reported clinical features in such a way that the relevant data could not be extracted (for example, by combining features such as edema and swelling). We recorded these as "unable to extract relevant data" in Table 2 . Figure 2 shows the results of meta-analysis of individual clinical features. If a likelihood ratio greater than 2 is considered useful for ruling in DVT and a ratio less than 0.5 is useful for ruling out DVT, then only a history of DVT and malignancy are useful for ruling in DVT (based on the point estimates) and no individual feature is useful for ruling out DVT. Recent immobilization, recent surgery, or a difference in calf diameter is of borderline value in ruling in DVT, while absence of calf swelling or a difference in calf diameter is of borderline value in ruling out DVT.
Wells Clinical Probability Score
Three studies of the Wells score used dichotomized versions of the score; we did not include them in this analysis (13) (14) (15) . Table 3 shows the results of meta-analysis of the remaining 22 studies of the Wells score. A high Wells score markedly increases the probability of DVT (likelihood ratio, 5.2), whereas a low Wells score markedly reduces the probability of DVT (likelihood ratio, 0.25). Figure 3 shows how the Wells score performs as a function of the pretest probability of DVT (the population prevalence of DVT), assuming that the Wells scores are applied in a Bayesian manner. Most populations with suspected DVT have a prevalence of 10% to 40%. A population with a DVT prevalence of 24% (the median prevalence for studies included in the meta-analysis) would be categorized as follows: Twenty-three percent would have a high Wells score with a DVT prevalence of 62%, 39% would have an intermediate score with a prevalence of 21%, and 38% would have a low score with a prevalence of 7%. Six studies reported proximal and distal DVT separately (2, 16 -20) , showing that risk stratification was more accurate for proximal DVT than distal DVT in those studies. Heterogeneity is difficult to measure when the test under evaluation has 3 diagnostic categories, but it can be demonstrated graphically. Figure 4 shows the sensitivity and specificity of the Wells score for diagnosing all cases of DVT in each study.
By fitting a summary ROC curve to the data in Figure  4 and examining the influence of study-level covariates using meta-regression, we identified younger mean patient age (P ϭ 0.011) and exclusion of persons with a history of thromboembolism (P ϭ 0.020) as potentially important covariates associated with improved diagnostic performance. Assessment of the reference standard that was blinded to the results of clinical assessment almost showed a significant association with improved diagnostic performance (P ϭ 0.056). Covariates examined but not statistically significant were setting for recruitment (for all settings, P Ͼ 0.3); exclusion of patients with suspicion of pulmonary embolus (P Ͼ 0.2); exclusion of pregnant women (P Ͼ 0.2); percentage of male participants (P Ͼ 0.2); whether the study used the original or modified Wells criteria (P Ͼ 0.2); prevalence of DVT in the cohort (P Ͼ 0.2); whether the investigators used a standardized form to collect data (P ϭ 0.15); whether a physician assessed the patient (P Ͼ 0.2); use of single ultrasonography as a reference standard, compared with venography or initial ultrasonography plus follow-up or repeated scanning (P Ͼ 0.2); use of an independent reference standard (P Ͼ 0.2); and performance of clinical assessment that was blinded to the reference standard (P Ͼ 0.2).
Meta-analysis was repeated, stratified by the 2 significant covariates. The likelihood ratios for high and low Wells score, respectively, were 9.6 (95% CI, 7.0 to 13.3; P ϭ 0.043 for heterogeneity) and 0.17 (CI, 0.13 to 0.23; P Ͼ 0.2) for studies that excluded patients with previous thromboembolism and 3.9 (CI, 3.0 to 5.2; P Ͻ 0.001) and 0.28 (CI, 0.24 to 0.33; P Ͼ 0.2) for studies that did not appear to exclude these patients. The same variables were 4.0 (CI, 2.5 to 6.5; P Ͻ 0.001) and 0.30 (CI, 0.24 to 0.39; P Ͼ 0.2) for studies with a mean participant age older than 60 years, 5.3 (CI, 3.9 to 7.2; P ϭ 0.025) and 0.24 (CI, 0.20 to 0.29; P Ͼ 0.2) for studies with a mean participant age of 60 years or younger, and 6.8 (CI, 3.4 to 13.7; P Ͻ 0.001) and 0.23 (CI, 0.14 to 0.37; P ϭ 0.056) for studies that did not report data on age. Hence, the Wells score seems to perform better in populations that exclude patients with previous thromboembolism and to perform worse in older populations.
Other Clinical Probability Scores
Seven cohorts were used to develop or evaluate a variety of other clinical scores (17, (21) (22) (23) (24) (25) . Kahn (25) , Oudega (21) , and Constans (17, 22) and their colleagues each used multivariate analyses to develop scores using 4 to 9 items to categorize patients as having high, moderate, or low risk for DVT. Each score stratified patients appropriately in their derivation cohorts, but none has been widely validated outside their initial setting; as a result, meta-analysis was not possible. Kiil and Moller (24) and Wojciechowski (23) used structured clinical assessment based on 5 or 8 items to identify the presence or absence of DVT. Neither reliably identified DVT.
Physicians' Empirical Judgments
The 8 studies of physicians' empirical judgments used different approaches to stratification: Four categorized patients into groups with low, intermediate, or high risk for DVT (26 -29) , and 4 dichotomized assessment as low or high risk or dichotomized DVT as present or absent (13, 30 -32) . Table 3 shows meta-analysis of the 3-category assessments alongside the comparable estimates for the Wells score. Likelihood ratios for high and low empirical estimates are similar to those for the Wells score. These estimates are based on only 4 studies and have relatively wide CIs. Evidence also suggests significant heterogeneity, despite the limited number of studies. Meta-analysis of dichotomized physician judgments produced the following pooled estimates: sensitivity, 86.6% (CI, 80.7% to 91.2%; P ϭ 0.152 for heterogeneity); specificity, 69.3% (CI, 64.4% to 73.9%; P Ͻ 0.001); positive likelihood ratio, 6.2 (CI, 1.0 to 40.0; P Ͻ 0.001); and negative likelihood ratio, 0.18 (CI, 0.13 to 0.26; P Ͼ 0.2). Again, the CIs are wide, and there is evidence of significant heterogeneity despite the small number of studies.
DISCUSSION
This meta-analysis has shown that individual clinical features, used in isolation, have limited value in diagnosing DVT. A history of DVT, known malignancy, recent immobilization, or recent surgery slightly increase the likelihood of DVT, as does the physical examination finding of difference in calf diameter. Absence of a history of calf swelling or no difference in calf diameter on examination slightly reduces the likelihood of DVT.
Clinical probability estimates, whether structured and based on specific criteria (Wells) or unstructured and based on empirical assessment, appear to provide more useful information. A high Wells score substantially increases the likelihood of DVT and indicates that definitive diagnostic testing is appropriate. A low Wells score substantially decreases the likelihood of DVT and indicates that a simple noninvasive test, such as the D-dimer assay, may be sufficient to rule out DVT. The Wells score has advantages over empirical assessment because it is standardized and reproducible and its estimated performance is based on more studies.
Six studies reported proximal and distal DVT separately for the Wells score (2, 16 -20) . Meta-analysis of these studies showed that the Wells score accurately categorizes proximal DVT but not distal DVT. This raises some doubt about repeating ultrasonography on the basis of clinical risk. Repeated ultrasonography is intended to detect propagating distal DVT, yet our analysis suggests that patients with distal DVT are more likely to be stratified into the intermediate-risk group than into the highrisk group.
We attempted to identify potential causes of the heterogeneity seen in the results of studies of the Wells score. Meta-regression showed that the Wells score performed better in cohorts that excluded patients with previous thromboembolism and performed worse in cohorts with an older mean age. The former finding may be confounded by the fact that the researchers who developed the Wells score were among the authors of 4 of the 7 studies that excluded patients with previous thromboembolism. We would expect a clinical score to perform better in the setting in which it was developed. Nevertheless, it seems reasonable to conclude that using the Wells score in patients with previous thromboembolism is inappropriate.
Some limitations in our analysis need to be appreci- Full details of all the statistical analyses and Forest plots of all the analyses are available from the authors.
The model is described in detail elsewhere (83), but a brief account is given below. Categorization using the Wells criteria can be considered a scale with 3 ordered categories and 2 cutpoints at the category boundaries. It is assumed that the response for the ith individual in the kth study (Y ik ) arises from an underlying latent continuous variable, which is discretized at thresholds 0k (ϭ Ϫϱ) Ͻ 1k Ͻ 2k Ͻ 3k (ϭ ϱ). Define D ik to indicate the true disease status of the ith patient in the kth study. An ordinal regression type model can then be constructed. Let ⌰ ϭ (, ␣, ␤, ␥, ␦) be a vector containing thresholds from every study (), scale (␣), and location (␤) parameters, and regression scale coefficients (␥). The following probit model is constructed including a study covariate x:
The results from fitting this model to each covariate individually (that is, 14 separate models are fitted in all) are presented in Appendix Table 2 .
The P value for the significance of each regression coefficient relating to the study-level covariates provides an omnibus test of influence of each coefficient across thresholds. In the main paper, pooled likelihood ratios are calculated for each of the 2 recognized Wells thresholds for different values of the study-level covariates that are significant at the 5% level in the above analysis (that is, age and history of DVT).
Note: If desired, a summary ROC curve can be obtained by plotting the pairs ͑TPR, FPR͒ at each threshold for each model reported above:
